SUMMARY This study was undertaken to investigate the extent of the reported discrepancy between serum and plasma albumin concentrations measured by the bromocresol purple (BCP) method. We have shown that plasma albumin concentrations are falsely increased by turbidity due to the precipitation of fibrinogen when plasma is diluted into the BCP reagent. Modification of the BCP uuffer (to Q·IM acetate containing Q·15M NaC!, pH 5'5) eliminates the turbidity and thus permits the measurement of albumin in either serum or plasma. To prepare the modified reagent, 12·0 g sodium acetate, trihydrate and 8·76 g NaCI were dissolved in about 950 ml distilled water, and the pH was adjusted to 5·5 with acetic acid. Brij-35 and BCP were added" and the solution was diluted to 1 litre with distilled water.
To prepare the modified reagent, 12·0 g sodium acetate, trihydrate and 8·76 g NaCI were dissolved in about 950 ml distilled water, and the pH was adjusted to 5·5 with acetic acid. Brij-35 and BCP were added" and the solution was diluted to 1 litre with distilled water.
For the measurement of albumin 50 !LI serum or plasma was mixed with 10 ml BCP reagent, and absorbance was measured at 603 nm within 5 minutes.
MEASUREMENT OF TURBIDITY
The turbidity of the BCP reagent, 1-2 minutes after addition of serum or plasma (10 ml BCP reagent and 50 !LI serum or plasma), was measured in a Thorpe 264
Materials and methods
Blood samples for plasma specimens were collected into heparin tubes (Labco Ltd, Marlow, Bucks, UK) containing sufficient heparin to give a concentration of approximately 15 units/nil. Serum was separated after blood, collected into plain tubes, had clotted at ·Present address: Churchill College, Cambridge.
Dye binding methods for the measurement of albumin in serum are simple, precise, economical, and adaptable to a wide variety of automated techniques. The bromocresol green (BCG) method' continues to be widely used despite the recognised non-specificity of this dye. Bromocresol purple (BCP) binds only to albumln.s and Pinnell and Northam" demonstrated close agreement between serum albumin results by their BCP method and an electroimmunoassay procedure. Discrepancies between serum and plasma albumin have been reported.! and, because of higher results using plasma samples, these authors concluded that heparinised blood should not be used with the BCP method, a serious limitation of the technique for clinical laboratories,"
We have investigated the nature and extent of the discrepancy between serum and plasma albumin measured by BCP and propose a reagent modification which permits the specific measurement of albumin in either serum or plasma, Micronephelometer (Scientific Furnishings Ltd, Pynton, UK). Calibration was carried out with the manufacturer's standard (loo light scattering units); the instrument was adjusted to read 100 scale units for this standard on range I. Turbidity is expressed as the meter reading with the instrument calibrated as described.
COMPARATIVE STUDY OF PLASMA ALBUMIN IN 31 SAMPLES BY BCP AND IMMUNOTURBIDIMETRY USING A CENTRIFUGAL ANALYSER (Cobas Bio, Roche Diagnostics, Welwyn Garden City, UK). The BCP concentration of both the original and modified reagents, as described above, was increased to 60 fJ-mol/l. 20 fJ-I of an l l-fold dilution of plasma in saline was used, with a final BCP concentration of 54 fJ-mol/l in the cuvette. Absorbance was read at 603 nm after a reaction time of 2 minutes. The CV (within batch) was less than 1 % with both BCP reagents. Albumin was measured by immunoturbidimetry using ICL antiserum (Boehringer Corporation (London) Ltd, Lewes, Sussex, UK) and O·OIM phosphate buffer, pH 7 ·4, containing 0·15M NaCI, 40 gIl polyethylene glycol (PEG 6000, BDH Chemicals Ltd) and 1 gIl sodium azide. The plasma dilutions used for the BCP methods were further diluted 21-fold in saline. The antiserum was diluted l l-fold in the phosphate-PEG-buffer. Absorbance was read at 340 nm after a reaction time of2 minutes. After correction for sample and antibody blanks, albumin concentrations were calculated using the manufacturer's non-linear data evaluation programme. The CV (within batch) was I ·8%.
MEASUREMENT OF THE ABSORBANCE OF 50 PLASMA SAMPLES DILUTED INTO Bep BLANK REAGENTS Blank reagents identical with the two BCP reagents described above, but containing no BCP, were used to measure the contribution of turbidity to the absorbance at 603 nm. Absorbance measurements were made on the centrifugal analyser as described above. A third blank reagent (0·25M acetate buffer, pH 5·2) was also used as described by Bonvicini et al. 6 except that it contained no BCP.
Results
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Serum and plasma albumin concentrations were measured in 15 pairs of patient samples. The albumin concentrations in serum were significantly 265 
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lower (p<O·ool) than those measured in plasma ( Table 1 ). The mean apparent increase in plasma albumin was 6·4 gil (range 1·4--11· 3 gIl). Visible turbidity was present in each tube containing plasma and BCP reagent. Turbidity was visible in one tube containing serum and reagent; the serum sample was lipaemic. The turbidity readings measured 1-2 minutes after addition of serum or plasma to the reagent are shown in Figure 1 a. Comparable turbidities developed when plasma or serum was mixed with a buffer solution prepared as a BCP reagent but containing no BCP (BCP blank reagent).
Comparison of the differences in turbidity and albumin for the 15 pairs of samples (plasmaserum) demonstrated a significant correlation (r=O· 88, p<O·ool), as shown in Figure 2 . The precipitated material was recovered from the 15 tubes containing BCP reagent and plasma after standing overnight at room temperature. The combined precipitates were washed with pH 5·2 BCP blank reagent and re-dissolved in 0·5M NaC!. Agarose gel electrophoresis revealed a single protein band in the~-region, which was identified as fibrinogen by immunoelectrophoresis.
MODIFICATION OF THE BCP REAGENT OF PINNELL AND NORTHAM (a) Effect of salt concentration on turbidity, absorbance, and reagent pH
BCP reagents (Pinnell and Northam"), containing up to 1·25M sodium chloride, were prepared and used with a plasma pool to observe the effect of CI-on turbidity and on absorbance at 603 nm, Table 2 shows that at a C!-concentration of 0 ·15M the turbidity decreased to a level comparable to that given by serum in the original buffer and that the absorbance at 603 nm for a constant amount of albumin mixed with reagent also decreased as the CI-concentration was raised. The reagent pH decreased from 5·2 to 5·0 as the CI-concentration was raised to 1 ·25M. (Table 1) . With the exception of one lipaemic sample, no turbidity was visible in the tubes containing either serum or plasma and modified reagent (Fig. 1 b) 0·01; the highest absorbance of 0·076 is equivalent to an albumin concentration of 8 g/I (mean absorbance 0·028 = 3 g albumin/l). Using the buffer prepared according to Bonvicini et al 6 (0· 25M acetate, pH 5·2), the blank absorbances were lower (mean 0·0042) but seven samples had absorbances above 0 :01, and 14 were greater than 0·005. With the modified buffer (0· IM acetate, 0 ·15M NaCl, pH 5·5) none of the plasma samples gave an absorbance above 0·005. The mean plasma absorbance with this buffer was 0·0019 (l SD = 0·001), equivalent to an albumin concentration of 0·3 gil.
Discussion
Perry and Dournas" demonstrated that the apparent albumin concentration of plasma is 2·6-3·9 g/I higher than in serum from the same patient when measured by the BCP method of Pinnell and Northam." The heparin concentration of their plasma samples was 20 units/rnl. We have confirmed their observations and find that albumin may be falsely increased by as much as 11 g/I when plasma is used with this BCP method. The significant correlation (Fig. 2 ) between the differences in turbidity and albumin concentrations for the serum/plasma pairs is strong evidence that the higher plasma results are due to the turbidity increasing the absorbance readings and thus leading to higher calculated concentrations. The data do not support the suggestion that the higher plasma results are due to an increase in colour of the BCP-albumin complex" but confirm the report that plasma samples require separate blanks due to turbidity.P In contrast to the observations of Perry and Doumas! and the results reported here, Bonvicini et al 6 found no difference in serum and plasma albumin at a heparin concentration of 100 units/rnl. However, these authors used a higher ionic strength buffer (250 mM acetate, pH 5·2) which we have shown reduces the development of turbidity (Fig. 5) . In 30 of the 50 plasma samples that we examined, the blank absorbance using their buffer was equivalent to an albumin concentration of less than 0·5 g/l. At higher heparin concentrations (> 200 units/ml) Bonvicini et al 6 observed a progressive decrease in plasma albumin concentrations, but this is a different effect due to competition between heparin and BCP for the binding sites on albumin, analogous to the decrease in absorbance which we observed as the chloride concentration of the reagent was increased ( Table 2 ). We have observed that the development of turbidity is reduced if plasma samples are stored at 4°C overnight before analysis with the reagent of Pinnell and Northam. Under these conditions some precipitation of protein occurs and the original 269 interference returns if the precipitated protein is re-dissolved by warming the plasma at 37°C before analysis. The age of the plasma samples is thus another factor that will influence the comparison of serum and plasma albumin using BCP. The comparisons reported here (Table 1) were made within 6 hours of collection of the samples.
As our results demonstrate, the cause of the turbidity is the precipitation of fibrinogen at pH 5·2 in O·lM acetate buffer. The solubility of proteins is a function of pH and buffer ionic strength. The isoelectric point of fibrinogen is close to the pH of the reagent «5.3 6 , 5.5 9 ) and increasing the ionic strength by the addition of sodium chloride prevents its precipitation and abolishes the differences between serum and plasma albumin. Anions low in the lyotropic series have the best salting-in ability but also exhibit the greatest competition with anionic dyes for binding to albumin.l? Albumin binds to the anionic form of BCP and, as expected, we observed competition between Cl-and BCP-for binding sites. Chloride, chosen because of its middle position in the lyotropic series, prevented the development of turbidity at a concentration of 0·15M, but this concentration caused a 48 %decrease in albumin-dye binding at pH 5 ·14 (Table 2) . Raising the pH to 5·5 leads to an increased concentration of the anionic form of the dye so that with the modified reagent, the absorbance at 603 om for a given concentration of albumin is 75 % of that with the reagent of Pinnell and Northam. When the ionic strength was increased with acetate, 20 of 50 plasma samples still showed significant blank absorbance (Fig. 5) . Acetate is higher in the lyotropic series than chloride and was less effective at preventing the precipitation of fibrinogen.
We agree with Northam'! that the BCP method should not be altered without substantiating the value of such changes. However, the limitation to the use of serum in the BCP procedure has probably deterred laboratories from abandoning the BCG method despite the 'damning evidence' against its lack of specificity.P We believe that the ability to use either serum or plasma is sufficient justification to recommend that the buffer should be modified so as to contain 0·15M NaCI in O·lM acetate buffer at a final pH of 5·5. This simple modification prevents the precipitation of fibrinogen and gives specific results for albumin in serum and plasma as judged against an immunoturbidimetric technique.
